Inevitable side effects of chemical food preservatives and drug resistance have increased interests on use of natural preservatives derived from plants. Therefore, in the present paper, the biological properties of Mentha longifolia L. essential oil were studied. Chemical analysis (GC/ MS) and antibacterial properties of the Mentha longifolia L. essential oil (EO) was under different temperature and pH values were evaluated with special reference to the mechanism of inhibition Listeria monocytogenes growth at ultra-structural level by TEM.
inability to partition the lipids from the bacterial cell membrane. This permeability barrier role of cell membranes is integral to many cellular functions, including the maintenance of the energy status of the cell, other membrane-coupled energy-transducing processes, solute transport and regulation of metabolism and control of turgor pressure. Toxic effects on membrane structure and function have generally been used to explain the antimicrobial action of Eos and their monoterpenoid components [4] [5] [6] . EOs inhibit the synthesis of DNA, RNA proteins and polysaccharides in fungal and bacterial cells, EOs which having the hydroxyl group at a different location on phenol, both substances appear to make the cell membrane permeable, Carvacrol and Thymol are able to disintegrate the outer membrane of Gram-negative bacteria, releasing lipopolysaccharides (LPS) and increasing the cytoplasmic membrane permeability also carvacrol caused increasing membrane fluidity [5] [6] [7] . The effectiveness of M.longifoli L. EO against gram-positive and gram-negative bacteria has been well described [8] [9] [10] . The main goals of present research was to study the chemical composition of M. longifoli L. EO (this plant was collected from northern regions of the Kurdistan Province, located in the northwest of Iran) to determine the EO chemotype and investigate antibacterial and morphological effects of M. longifoli L. EO on Listeria monocytogenes observed by TEM.
Material and Methods

Plant material
M.longifoli L. was collected from Kurdistan province (is located in the northwest of Iran) and identified by the Institute of Medicinal plant, Medicinal University of Tehran, Iran. The prepared powder was kept in tight containers protected completely from light.
Introduction
EOs has already found a considerable range of applications. The majority of them are used as fragrances in perfumery as well as in food and beverages industry. The recent years have also witnessed a revival of traditional natural products in medicine and in food and cosmetics preservation. Despite the development of antibiotics, bacterial and fungal infections are still a major issue in medicine, and the presence of numerous drug-resistant strains poses a new challenge. Drugs derived from plant sources have been extensively used in this field for many centuries. Recently, there has been a growing interest in natural products due to their availability, fewer side effects or toxicity as well as better biodegradability as compared to the available antibiotics and preservatives. In this regard, plant EOs may offer a great potential and hope. Therefore, their composition and antimicrobial activities have been thoroughly and systematically studied. The antimicrobial properties of EOs and their constituents have already been reviewed [1] [2] [3] . The action mechanism of the EOs is related to their chemical the composition and their antimicrobial activity is not attributable to a unique mechanism but to a cascade of reaction in the entire bacterial cell [2] . The hydrophobicity of the EOs is the main properties responsible for the distribution of bacterial structures increasing their permeability due to their
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Method of the EO preparation
The dry powdered plant subjected to steam distillation for 3 h using a Clevenger-type apparatus. The obtained EO was dried over anhydrous sodium sulfate until the last traces of water were removed and then stored in dark sealed vials at 4°C [11] .
Chemical analysis of EO
EO was analyzed by gas chromatography-mass spectrometry (GC/MS). The chromatograph (Agilent 6890 UK) was equipped with an HP-5MS capillary column (30 × 0.2 mm ID × 0.2 mm film thickness) and the data were taken under the following conditions: initial temperature 50°C, temperature ramp 5°C/min, 240°C/min to 300°C (holding for 3 min), and injector temperature at 290°C. The carrier gas was helium, and the split ratio was 0.8 mL-1/min. The mass spectrometry (Agilent 6890 gas chromatograph equipped with an Agilent 5973 mass-selective detector; Agilent UK) also was used. The chemical components of EO are identified by comparing its retention index with what is published in the reports or in the data bank of the data base, Wiley library, stored in the computer memory of GC/MS.
Antibacterial screening (MIC, MBC)
Microbial strains: EO was individually tested against L. monocytogenes ATCC 19118.
Micro-well dilution assay:
The MIC and MBC values were studied for the bacterial strains based on Gulluce et al. (2007) methods [12] . EO dissolved in 10% dimethylsulfoxide (DMSO) was first diluted to the highest concentration (38400μg/ml) to be tested, and then twofold serial dilutions were made in a concentration range from 17.5 to 38400μg/ml in 10 ml sterile test tubes containing nutrient broth. The MIC and MBC were defined as the lowest concentration of the compounds to inhibit the growth of microorganisms and bactericidal effects on microorganisms respectively.
Assessment of morphological damage:
Bacterial cell damage (L. monocytogenes.) evaluated with TEM according to Mahmoudi et al. [12] , The EO concentrations used in this part were 300μg/ml and 2400 μg/ml on S .aureus and L. monocytogenes, respectively (selection was based on MIC results).
Statistical analysis
All statistical analyses were performed using SPSS 17.0. All results were computed as mean standard deviation and were subjected to one-way analysis of variance to establish whether the differences in experimental results were significant or not. The Statistical significance was determined at P<0.05.
Results
The chemical composition of M.longifoli L. EO was analyzed by employing GC-MS. This study allowed identification of 22 composed representing 95.3% of the totality of the components of the EO. The EO is particularly rich in cis-Isopulegone (9.7%), Menthofuran (11.8%), pulegone (31.5%), 1, 8-cineole (15.9%), and p-Menth-3-en-8-ol (7.0%).
The antibacterial activity of the EO included in this work was conducted by broth microdilution susceptibility method. The results summarized in Table 1 , showed that the EO tested, presented an antibacterial activity with different degree. In fact, the MIC and MBC values under different temperature and pH indicate that the M.longifoli L.EO have a broad activity especially for L.monocytogenes (P<0.05). The noted values under different temperature and pH values showed to be in the range of 150-9600 μg/ml respectively. The results obtained from the MIC and MBC values indicated that M. longifoli L. EO was much more potent with decreasing temperature and increasing acidic conditions L. monocytogenes (P<0.05). The Lowest MIC value was found at 8°C and pH 6 (150μg/ml).
To confirm the mechanism of cell damage resulted from effects of EO, L. monocytogenes cells (untreated, EO treated) were observed through TEM (Figures A,B) . In the TEM photomicrographs of control groups, L. monocytogenes cells had distinct and regularly outlined cell wall structure of gram-positive bacteria with the shape of bacilli with intact and smooth cellular walls ( Figure A) . After treatment with EO at MIC level, morphology, and shape of the cells was distorted and cell wall damage and removal of cellular contents and cellular disturbance was observed ( Figure B ), while the cell morphology appeared normal in control groups. Cell wall thickness varied and it appeared disrupted at some places ( Figure B) . Transmission electron microscopy of cells exposed to MIC levels of the oils showed irreversible damage to the cell wall.
Discussion
The antimicrobial activity can be attributed to the presence of high concentrations of Menthofuran (11.8%), cineole (15.9%) and pulegone (31.5%). Antimicrobial properties of mentioned components have been reported in many researches [12, 13] . Also, it is reported that Pulegone is a bioactive compound (antioxidant and antimicrobial) [13] . According to the Results of this study, the highest antibacterial activity of EO was the pH 6 and 8°C (P<0.05), the highest MIC and MBC values of EO was in 37°C and pH 7.2 (Table 1) . With the simultaneous increase in temperature and pH values, a significant increase in MIC and MBC values of the EO was quite evident (P<0.05).
Temperature, pH, salt concentration, type and amount of inoculated organism affected antimicrobial activities (MIC and MBC) of the Eos [15, 16] . In our study, increased inhibition properties of EO on bacterial growth were observed by reducing incubation temperature and the pH values. This result is supported by findings of Rajkovic et al. [17] . They have shown that inhibitory effect of nisin and Carvacrol on Bacillus cereus has increased by reducing the temperature and pH. It can be a direct result of increase in solubility of EO and nisin in the lipid phase of cell membrane at low pH [18, 19] . Synergistic effects of nicin and Garlic extract on six strains of L. monocytogenes in Tryptose Phosphate Broth liquid medium by Bhurinder et al. (2001) , were studied, and a synergistic antibacterial effect on strains of Listeria was observed when using these two materials together [20] . Furthermore, the effect of other growth factors such as pH and temperatures (4 and 20°C) were studied and showed that increasing pH decreases the effect of both substances (EO and nisin). The effect of each substance at 4°C was higher than 20°C. Misaghi and Basti (2007) , observed that Thyme EO and nisin each alone are effective on Bacillus cereus, but using the combination results in synergistic effects on inhibition of bacterial growth [21] . Decreasing temperature from 30°C to 10°C either has significantly increased antimicrobial effects. The increase in the pH value has reduced the effects of nisin.
There was a close relationship between the constituents of the EO and biological functions. It was reported that essential oils can affect the cell wall integrity due to their hydrophobic nature which influences the lipids and disrupts normal cell wall function leading to nutrients leakage and cell death [2, 4, 22] . As the result showed (Table  1) , the inhibitory properties of EO affected by temperature and the pH values and increased inhibition effects of EO on bacterial growth were observed by reducing incubation temperature and the pH values (P<0.05).
The effect of the M. longifoli L. EO on L. monocytogenes cells has never been scientifically evaluated before. On the basis of present microscopic analyzes of the bacterial cells, it can be concluded that after treatment with M. longifoli EO at MIC level, morphology, and shape of the cells was distorted, and cell wall damage and removal of cellular contents and cellular disturbance was observed (Figure 1 ), while the cell morphology appeared normal in the control group.
Due to the low infectious dose of many food-borne pathogens, the application of spice oil components to improve food safety requires the development of bactericidal treatments. An understanding of the mechanism of action of these agents would allow prediction of organisms that can be expected to demonstrate sensitivity and food products to which these agents may be effectively applied. These results can be used to setup a combination of protective factors (known as Hurdle Technology) in the control of pathogenic bacterial growth, food poisoning and spoilage. Furthermore, knowledge of the mechanism of action would allow the rational development of treatments using combinations of antimicrobial agents that target different cell functions in a complimentary manner.
